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ABSTRACT 
High frequency bi-directional dc-dc converters are currently widely used in a diversity of 
power electronic applications. In order to interconnect the various DC sources at different 
voltage levels, one requires bi-directional DC/DC converters capable of converting the 
voltage from one level to another whilst also able to control the direction of power flow 
through the converter. The use of a bi-directional dc-dc converter in motor drives devoted 
to Electric Vehicles (EV) allows a suitable control of both motoring and regenerative 
braking operations. A bi-directional arrangement of the converter is needed for the reversal 
of the power flow, in order to recover the vehicle kinetic energy in the battery by means of 
motor drive regenerative braking operations. 
A full-bridge, single phase inverter and converter that uses Pulse Width Modulation (PWM) 
to control the power switches was constructed. The concept of PWM with different 
strategies for converter is described. The PWM was produced with a simple circuit and 
using several chips and devices that are easily available in the market. The P W M signals 
are simulated using OrCAD simulation tools. MOSFET IRF520 is used for high frequency 
switching in both sides inverter and converter. An isolation transformer (ratio 1:1) is used 
between inverter outputs and input of bi-directional of DC-DC converter. 
The proposed converter has the advantages of high switching frequency, high efficiency, 
simple circuit, low cost and bi-directional power flow. The detailed design and operating 
principles are analyzed and described. The simulation and experimental waveforms for the 
proposed converter are shown to verify its feasibility. 
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CHAPTER 1 
INTRODUCTION 
1.0 Introduction to Power Electronic 
1.0.1 History of Power Electronic devices 
Power Electronics began with the introduction of the mercury arc rectifier in 1900. This 
was followed by the first electronic revolution which began in 1948 with the invention of 
the silicon transistor. 
The second electronic revolution began in 1958 with the development of the thyristor. 
This caused the beginning of a new era for power electronics, since many power 
semiconductor devices and power conversion techniques were introduced using 
thyristors. Next, was the microelectronics revolution which gave the ability to process a 
huge amount of data in a very short time. The power electronics revolution which merges 
power electronics and microelectronics provides the ability to control large amounts of 
power in a very efficient manner. Power electronics have already found an important 
placc in modern technology and are now used in a great variety of high-power products, 
including motor controls, power supplies and High Voltage Direct Current (VHDC) 
systems [1], 
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1.0.2 Definition of Power Electronics 
Power Electronics is defined as the application of solid-state electronics for the control 
and conversion of electric power. Power Electronics is based on the switching of power 
semiconductor devices whose power handling capabilities and switching speeds have 
improved tremendously over the years. It is presently playing an important role in 
modern technology and is used in a variety of high power products e.g. motor controls, 
heat controls, light controls and power supplies. [2] 
1.1 Significance of Power Electronics 
The demands for control of electric power exist for many years. The generation, 
transmission, and distribution of electric power are almost Alternating Current (AC) 
today. But in industry, transportation, agriculture, and everyday life often demand Direct 
Current (DC) power. In any technically and economically defined situation, it is 
necessary to provide the most suitable form of energy to meet the demand of user [3]. 
Power Electronics can process the power in two forms, AC and DC. For AC, it can be 
processed by magnitude and frequency and for DC by magnitude only [4], 
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1.2 Basic switch application 
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Figure 1.1: Two-quadrant switches of bi-directional current. 
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Figure 1.2: Power MOSFET characteristics and its integral body diode 
1.2.1 Voltage and Current bi-directional two-quadrant switches 
There are several characteristics of power MOSFET [2]: 
1) Usually an active switch, controlled by terminal C (gate). 
2) Normally operated as two quadrant switch. 
3) Can conduct positive or negative on-state current 
4) Can block positive off-state voltage 
5) Provided that the intended ON-state and OFF-state operating points lie on 
the composite i-v characteristic, then switch can be realized as shown in 
Figure 1.2. 
Controllable switches can be turned on and off by low-power control signals (e.g. BJT, 
MOSFET, IGBT, GTO). 
E3 Power Semiconductor Devices 
Power semiconductor devices are divided into five different groups: 
I) power diodes 
II) thyristors 
III) power Bipolar Junction Transistors (BJTs) 
IV) power Metal Oxide Semiconductor Field Effect Transistor (MOSFETs) 
V) insulated Gate Bipolar Transistors (IGBTs) 
1.3.1 Power Diodes 
A diode is a two terminal device consisting of an anode and a cathode. The diode 
conducts when its anode voltage is more positive than that of the cathode. If the cathode 
voltage is more positive than its anode voltage, the diode is said to be in the blocking 
mode. There are three types of power diode: 
i) General purpose 
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ii) High speed (or fast recovery) - used for high frequency 
switching of power converters 
iii) Schottky - have low on state voltage and very small recovery 
time, typically nanoseconds 
1.3.2 Thyristors 
A thyristor is a three terminal device consisting of an anode, a cathode and a gate. It is 
physically made up of four layers of alternate p-type and n-type silicon semiconductor. 
The terminals connected to the ending p-type and the n-type layers are the anode and 
cathode respectively. This configuration will give three p-n junctions. When the anode is 
held more positive than the cathode, two of the p-n junctions are forward biased, offering 
very little resistance, and one is reverse biased, offering high resistance. 
When a small current is passed through the gate to cathode circuit, and the anode is at a 
higher potential than the cathode, the thyristor conducts current from anode to cathode. 
In other words when triggered the thyristor has approximately the same characteristics as 
a single diode. Once the thyristor has been turned on, the gate circuit looses control of 
the thyristor and the forward voltage drop across the device is very small (in the region 
of 0.5 to 2V). 
Once on, the device loses control over the anode current, and the only way to turn it off 
is to reduce the anode current below some value referred to as the holding value. This 
can be achieved in one of two ways: 
5 
i) by making the anode potential equal or less than the cathode 
potential, due to the sinusoidal nature of an ac voltage which is 
. called line commutation 
ii) By using of an auxiliary as in the case of forced-commutation. 
1.3.3 Power Bipolar Junction Transistors (BJTs) 
These are three terminal devices consisting of emitter, base and collector which operates 
as a switch in the common emitter configuration. These devices are turned-on when the 
base-emitter junction is forward biased with the base current sufficiently large to drive 
the device into saturation. Under these conditions, the collector-emitter voltage drops in 
a range of 0.5 to 1,5 V. If the base-emitter junction is reversed biased the device switches 
to the off or non-conducting state. 
1.3.4 Power MOSFETs 
The power MOSFET is the high power version of the low power with typical ratings of 
tens of amperes and hundreds of volts. Both "n-channel" and "p-channel" devices are 
being made, but the former are available in higher ratings because the electrons have a 
higher mobility than holes inside the silicon crystal. Although the working principle of a 
power MOSFET is the same as that of its low power version, there are significant 
differences in the internal geometry. 
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MOSFETs have a "planar" structure. This means that all the terminals of the device are 
on one side of the silicon pellet. Therefore the internal current flow paths are parallel to 
the surface of the pellet. Power MOSFETs have a vertical structure, meaning that the 
current flow is across the pellet, between its power terminals, which make contact on 
opposite sides of it. This results in lower internal voltage drop and higher current 
capability. A power MOSFET can be used either as a static switch or for analog 
operation. The main considerations in this choice are: 
1) Power MOSFET is a voltage controlled device, which requires 
negligible current in its control terminal to maintain the ON state. 
2) Power MOSFETs have relatively shorter switching times. Therefore 
they can be used at higher switching frequencies. 
3) The internal junction structure of a power MOSFET is such that there exists 
a diode path in the reverse direction across the main terminals of the 
switch. Therefore it is, in effect, parallel combinations of two static 
switches are controlled switch for forward current flow and an uncontrolled 
diode switch for reverse currents. 
The device is turned-off when the gate voltage is removed power. MOSFET possesses 
faster switching speeds than power BJTs. 
1.3.5 Insulated Gate Bipolar Transistor (IGBTs) 
The IGBT is a three terminal device consisting of gate, emitter and collector. It combines 
the low on-state voltage drop characteristics of the BJT with the excellent switching 
characteristics and high input impedance of the MOSFET. They are available in current 
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